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In February 1999, an outbreak of listeriosis caused by Listeria monocytogenes serotype 3a
occurred in Finland. All isolates were identical. The outbreak strain was first isolated in 1997
in dairy butter. This dairy began delivery to a tertiary care hospital (TCH) in June 1998. From
June 1998 to April 1999, 25 case patients were identified (20 with sepsis, 4 with meningitis,
and 1 with abscess; 6 patients died). Patients with the outbreak strain were more likely to
have been admitted to the TCH than were patients with other strains of L. monocytogenes
(60% vs. 8%; odds ratio, 17.3; 95% confidence interval, 2.8–136.8). Case patients admitted to
the TCH had been hospitalized longer before cultures tested positive than had matched con-
trols (median, 31 vs. 10 days; ). An investigation found the outbreak strain in packagedP = .008
butter served at the TCH and at the source dairy. Recall of the product ended the outbreak.
Listeriosis is a foodborne illness that most often causes sepsis,
meningitis, and miscarriage in susceptible hosts [1]. It is often
difficult to implicate specific food vehicles because most cases
do not occur during well-recognized outbreaks, infection results
in a variable, but generally prolonged, incubation period (me-
dian, 3 weeks), and samples of food eaten by patients conse-
quently are unavailable. Because it is found ubiquitously in
nature, Listeria monocytogenes frequently is cultured from
foods and the environment, requiring typing of isolates from
patients and from suspected food items to recognize the simi-
larity or dissimilarity of these isolates. The benefit of serotyping
is limited; the majority of L. monocytogenes isolates belong to
serotypes 1/2a, 1/2b, or 4b. A more discriminating subtyping
method, pulsed-field gel electrophoresis (PFGE), has been used
successfully in epidemiological investigations [2].
Sources of listeriosis outbreaks have included a number of
foods, such as raw vegetables, dairy products, meat, and sea-
food products [3]. Among dairy products, soft cheeses have
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been shown to be relatively high-risk foods for epidemic and
sporadic listeriosis. Butter is an unusual vehicle for listeriosis.
Only 1 report in the literature has implicated butter in an out-
break; however, no positive butter samples were obtained. L.
monocytogenes has been found in butter during product sam-
pling in the United States, leading to >5 class 1 recalls. Ac-
cording to a European Community directive, L. monocytogenes
should not be detected in 1 g of butter [4].
In early 1999, a cluster of patients with L. monocytogenes
infection due to an unusual serotype (3a) was identified; most
of these patients had been treated at 1 tertiary care hospital
(TCH). The isolates were indistinguishable by PFGE. This rare
serotype with the same PFGE pattern previously had been iso-
lated in 1997 from 1 in-house control sample of butter produced
by a Finnish dairy. We report the results of epidemiological,
laboratory, and environmental investigations of the outbreak.
Methods
Surveillance. In Finland, physicians notify the National In-
fectious Disease Registry (NIDR) of culture-confirmed cases of
listeriosis. Microbiology laboratories do the same for isolations of
L. monocytogenes from blood, cerebrospinal fluid, genital tract,
deep puncture, and surgical specimens, as well as from newborns.
Strains of L. monocytogenes are sent to the Laboratory of Enteric
Pathogens (LEP) at the National Public Health Institute for sero-
typing and PFGE. Food isolates, which are collected during routine
surveillance, also are evaluated by serotyping and PFGE. Every
dairy has a mandatory in-house control program, approved and
supervised by the local food-control authorities, that includes sam-
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Figure 1. Case patients from whom the outbreak-associated and
non–outbreak-associated strains were isolated, by month of culture
yielding Listeria monocytogenes at the Helsinki University Central Hos-
pital (a tertiary-care hospital [TCH]) and at other Finnish hospitals,
from 1 June 1998 to 30 April 1999.
pling for L. monocytogenes from the plant’s environment and
products.
Laboratory methods. The human, food, and environmental L.
monocytogenes isolates were serotyped for O and H antigens by
using agglutination methods with commercially available antisera
(Difco Laboratories, Detroit; Denka Seiken, Tokyo) in accordance
with the manufacturers’ instructions. In situ DNA isolation and
macrorestriction analyses by using PFGE with restriction enzymes
AscI and ApaI were done as described by Maslow et al. [5–7].
Detection and enumeration of L. monocytogenes from butter (1-
and 25-g sample sizes) and from environmental samples, prepared
according to International Dairy Federation (Brussels) Standard
122C, were done in accordance with the international standards
modified as described by Johansson [8–11].
Case definition and finding. Outbreak-associated patients were
defined as patients from whom the outbreak strain was isolated
from a culture of a normally sterile site, from 1 June 1998 to 30
April 1999; patients with infection due to other L. monocytogenes
strains during the same period were defined as non–outbreak-as-
sociated patients. Both were sought by review of the NIDR and
the records of the LEP. Clinical information was collected from
the attending physicians by using a standardized form.
Matched case-control study. Only patients admitted to the Hel-
sinki University Central Hospital (a TCH) were included in the
case-control study. This TCH, with 1,000 beds, serves as the only
site for organ transplantations in Finland. For each case, 3 control
subjects who were hospitalized within 1 month of the case patient
and who were matched by age, underlying condition, and hospital
ward were selected randomly from the hospital admission records.
Case patients and their matched controls were interviewed by tel-
ephone about their consumption of butter at the hospital, as well
as whether they had consumed the implicated butter brand at home
between 1 June 1998 and 19 February 1999. Information about
the use of antacids and H2-blockers was retrieved from the patient’s
records.
Food and environmental investigations. At the dairy, the soured-
cream butter was manufactured in a continuous butter maker using
the NIZO process [12]. The products were 7-, 10-, and 500-g and
25-kg packages of butter as well as of fat blend. The products were
sold in southern and western Finland to retail markets and hospital
kitchens. Delivery of butter from this dairy to the TCH began on
1 June 1998, after which the 7-g butter packages were the only
brand of butter served to the patients. Information about the
amounts of butter delivered monthly to the hospital units and the
number of patient days was acquired from the hospital adminis-
tration. The butter packages with the earliest expiration dates were
collected from the hospital kitchen for microbiological analysis. At
the same time of the detection of the human outbreak, L. mono-
cytogenes strain was isolated in the in-house control program of
the dairy. A team of national and local food-control authorities
inspected the dairy and reviewed the operation of the pasteurizer,
including time and temperature records and peroxidase testing. The
production line and dairy environment were sampled. A total of
139 butter samples from the dairy and from a wholesale store were
analyzed for L. monocytogenes, including butter packages of 25 kg
( ), 500 g ( ), and 7 g and 10 g (as pooled samples ofn = 65 n = 27
10 packages; ) and packages of fat blend ( ).n = 10 n = 37
Statistical analysis. For categorical variables, proportions were
compared by using the x2 test with Yates correction or Fisher’s
exact test, as appropriate. Confidence intervals (CIs) for odds ratios
(ORs) were calculated by using Epi Info software (version 6.04b;
Centers for Disease Control and Prevention, Atlanta, GA). The
means or medians of the continuous variables were compared by
using the Student’s t test or the Mann-Whitney U test, depending
on the sample distribution.
Results
The outbreak. Twenty-five outbreak-associated patients
were identified (figure 1 and table 1). The patients with the
outbreak strain were more likely to have had malignancy or
organ transplantation and to have been admitted to the TCH
than were the non–outbreak-associated patients. Nine of 10
outbreak-associated patients with possible nosocomial acqui-
sition (i.e., isolation of L. monocytogenes 12 days after admis-
sion) were admitted to the TCH.
Matched case-control study and butter consumption. Of the
15 outbreak-associated patients admitted to the TCH, 7 were
available for telephone interviews, 6 had died, and 2 were in
terminal condition. Analysis of the 7 cases and 21 matched
controls showed no association between illness and butter con-
sumption at the hospital (5/6 vs. 16/21; OR, 1.7; 95% CI,
0.2–46.0) or at home (1/7 vs. 1/21; OR, 3.0; 95% CI, 0.1–117.0);
the use of antacids or H2-blockers was not associated with
illness. The median length of hospital stay within 70 days (i.e.,
maximum incubation period for L. monocytogenes) before the
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Table 1. Clinical and demographic characteristics of outbreak-as-
sociated and non–outbreak-associated cases of listeriosis in Finland
from 1 June 1998 to 30 April 1999.
Characteristic
Outbreak-
associated cases
(n = 25)
Non–outbreak-
associated cases
(n = 25) P
Source of positive culture
Blood 20 (80) 20 (80) .72
Cerebrospinal fluid 4 (16) 4 (16) 1.00
Other sterile site 1 (4) 3 (12) .60
Median age, years (range) 53 (12–85) 69 (13–92) .24
Male sex 10 (40) 14 (56) .40
Underlying condition
Hematologic malignancy 14 (56) 5 (20) .02
Solid malignancy 4 (16) 1 (4) .35
Solid-organ transplantation 2 (8) 0 (0) .49
Nonmalignant underlying
disease 4 (16) 15 (60) .004
Pregnancy 0 (0) 3 (12) .23
Newborn 0 (0) 0 (0) 1.00
No underlying condition
(not pregnant) 1 (4) 1 (4) 1.00
Patient admitted to TCH 15 (60) 2 (8) !.001
Nosocomial acquisitiona 10 (40) 5 (20) .22
Death 6 (24) 4 (16) .72
NOTE. Data are no. (%) unless noted otherwise. TCH, tertiary care hospital
(Helsinki University Central Hospital).
a Defined as isolation of Listeria monocytogenes in samples taken 12 days after
admission.
collection of the specimen that was positive for L. mono-
cytogenes was longer among case patients than it was among
control subjects (31 vs. 10 days; ). During the same 70-P = .008
day period, the median weight of butter consumed was 224 g
(range, 0–1708 g) for case patients and 54 g (range, 0–644 g)
for control subjects ( for case patients vs. control sub-P = .205
jects). The median butter delivery per 100 patient days was
higher to the hospital units in which the nosocomial cases oc-
curred (hematology, pulmonology, and oncology) than to the
units with no cases (1378 vs. 181 g; ).P = .01
Food and environmental investigations. The outbreak strain
was detected in all 13 butter samples obtained from the hospital
kitchen. It also was detected in several lots of 7-, 10-, and 500-
g butter packages from the dairy and the wholesale store,
whereas samples from 25-kg packages of butter and of fat blend
tested negative for the outbreak strain. In all butter samples
that tested positive, the numbers of L. monocytogenes were !100
cfu/g (range, 5–60 cfu/g), except for 1 sample of 7-g packages
that contained 11,000 cfu/g. The cream pasteurizer was found
to operate properly. Small (7 and 10 g) butter packages had a
separate packaging line from the other products: 1 whole lot
from the butter silo usually was transferred to a separate butter
wagon and packaged in small butter packages. However, if
there was butter left after the packaging of small packages, it
was occasionally pumped to the 500-g packaging machine. Of
430 environmental samples studied, the outbreak strain was
detected in samples from the packing machines for both small
and 500-g packages, from the screw conveyor of the butter
wagon, and from 2 floor drains beneath the butter wagon of
the small-packaging line.
Control measures. The production of 7-, 10-, and 500-g
butter packages was stopped on 17 February 1999 and that of
25-kg packages on 4 March 1999. On 19 February 1999, the
dairy recalled voluntarily their 7- and 10-g butter products, and
the Finnish hospitals were requested not to serve butter from
the implicated dairy to patients. The whole production facility,
including the butter production line, machines, and pipes, was
cleaned. Control samples from the process line and environment
as well as from several test butter batches tested negative for
L. monocytogenes. In April 1999, the dairy restarted the pro-
duction of 25-kg and 500-g butter and fat blend packages. No
further cases of listeriosis caused by the outbreak strain have
been detected since 19 April 1999.
Discussion
We describe an outbreak of listeriosis transmitted by an un-
usual vehicle, pasteurized butter. The outbreak occurred mainly
among persons with intense immunosuppression. To our
knowledge, this is the first outbreak caused by L. monocyto-
genes serotype 3a, and its clonal origin was confirmed by PFGE.
Pasteurization is effective in removing L. monocytogenes
from dairy products [3]. However, contamination of such prod-
ucts may take place after pasteurization and may be caused by
sources in the processing-plant environment or by error in op-
eration. The outbreak strain was isolated from the butter-pro-
ducing equipment and the dairy environment. We could not
confirm any error in operation. The source of L. monocytogenes
may have been the screw conveyor in the butter wagon, which
made contact while the butter from the wagon was packaged
in the packing machines for small and, occasionally, 500-g pack-
ages. The outbreak strain was isolated in samples from both
production lines and from both package sizes.
The outbreak strain was first isolated in samples of butter
from the implicated dairy in 1997, which led to processing-line
cleaning and increased monitoring of the products and envi-
ronment. Despite intensified sampling, the dairy did not detect
Listeria before February 1999. However, the process seems to
have been contaminated for a longer period, because L. mono-
cytogenes was detected in samples from several batches manu-
factured between September 1998 and February 1999. Long-
term colonization of the food-production environment has been
reported, and the high risk of cross-contamination to food dur-
ing processing and packaging is well recognized [13].
The rarity of the causative serotype and the clustering of
cases in a patient population spending long periods at a hospital
facilitated the identification of the outbreak. The clustering in
a particularly susceptible population might have been due to
a low level of bacterial exposure, supported by a low concen-
tration of L. monocytogenes in the butter samples. Another
distinctive feature of the outbreak was the frequency of ap-
parent nosocomial acquisition. Two hospital-associated out-
breaks with a common source have been described [14, 15]. One
outbreak involving 20 patients in 8 Boston-area hospitals was
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suspected to be due to lettuce or raw vegetables. Another epi-
demic in a nursery was unique in that the index case occurred
when a bottle of mineral oil became contaminated and was
used for bathing other infants.
Although the outbreak strain could be detected, for most
case patients, in samples of butter obtained from the kitchen
of the hospital, our matched case-control study failed to con-
firm the association between butter consumption and illness.
The matching according to the underlying condition probably
led to matching by the level of exposure; this is supported by
the finding that the units where the cases occurred used sig-
nificantly more butter than did the units without cases. How-
ever, the implicated butter rarely was consumed at home. Fur-
thermore, the case patients had more opportunities for
consuming the implicated butter than did their matched con-
trols, because they had stayed longer at the hospital before the
onset of listeriosis.
This outbreak showed that, despite regular monitoring of
dairy products and environment for L. monocytogenes and a
good standard of plant sanitation guided by a hazard-analysis
and critical–control-point program, comprehensive, labora-
tory-based, national surveillance with continuous typing of bac-
teria improves recognition of outbreaks.
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